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(54) [TITLE OF THE INVENTION] LIQUID CRYSTAL DISPLAY 
DEVICE 

(57) [ABSTRACT] 

[PROBLEM TO BE SOLVED] To provide a liquid crystal display 
device which can accelerate the time required for liquid crystal 
injection in the liquid crystal injecting process in the manufacture 
of a large-screen TFT liquid crystal panel. 

[SOLUTION] The liquid crystal to be sealed within the liquid 
crystal display panel is vacuum injected through injection ports 2 
existing on one of the two sides parallel with the scanning wiring 
direction 3 and on the sealing 1 part enclosing the circumference of 
the screen having a rectangular shape. Then the liquid crystal is 
flown in the short side direction parallel with the signal wiring 
direction 4 on the screen. 
[CLAIMS] 

[CLAIM 1] A liquid crystal display device comprising a pair of 
substrates at least one thereof is transparent; 
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a liquid crystal composition layer having dielectric anisotropy and 
refraction anisotropy which is sandwiched between said substrates 
and aligned; polarizing means; plural pixels arranged in the form of 
matrix; pixel electrodes provided to each pixel; signal wiring 
electrodes; thin film transistor elements connected to scanning 
wiring electrodes, common electrodes; means for providing said 
thin film transistor elements with voltage signal waveforms for 
changing the light transmittance or reflectivity of the liquid crystal 
composition layer corresponding to said pixels; and a screen of a 
rectangular shape, wherein injection ports for vacuum injecting a 
liquid crystal composition between said substrates on one of the 
two sides parallel to the scanning wirings of the sealing part 
enclosing the circumference of the screen of the rectangular shape. 
[CLAIM 2l The liquid crystal display device of claim 1 further 
comprising means for generating an electric field nearly parallel to 
substrate surfaces between the pixel electrodes and the common 
electrodes, wherein said liquid crystal composition is aligned 
without a twist or a deformation between said substrate when no 
electric field is applied to the liquid crystal composition, and the 
aligning direction of the liquid crystal director projected on the 
substrate surfaces is set to have an angle of not less than 60 
degrees nor more than 90 degrees with the direction of the scanning 
wirings. 

[CLAIM 3] The liquid crystal display device of claim 1, wherein the 
voltage signal waveforms to be applied to the scanning wirings are 
supplied from both of the two sides orthogonal to the scanning 
wirings. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD TO WHICH THE INVENTION BELONGS] 
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The present invention relates to a liquid crystal display device 
provided with a liquid crystal display panel having a large screen 
in which thin film transistors are used as switching elements for 
image display. 
[0002] 

[PRIOR ART] In recent years, active matrix liquid crystal displays 
with thin film transistors (TFTs) have been used in various fields 
such as camcorders or notebook personal computers, thereby 
forming a large market. These days, such displays have been 
expected to be applied to personal computers or monitors for 
workstations, increasing demands for 13- to 14-inch diagonal 
screens. 

[0003] The mainstream of the display mode of TFT liquid crystal 
displays is a twisted nematic (TN) mode. For a large-screen 
display, expectations are placed on an in-plane switching (IPS) 
mode because of its extremely wide viewing angle properties. In 
this mode, an electric field parallel with the substrate surfaces is 
applied to move liquid crystal molecules parallel with the substrate 
surfaces as disclosed in Japanese Laid-Open Patent Publication No. 
6-160878. 

[0004] The screen of the TFT liquid crystal panel has an aspect 
ratio of 4:3, 16:9, or the like, and is generally longer in the 
horizontal direction. The array substrate provided with TFTs has 
scanning wirings extending horizontally for transmitting the 
selecting signals of the pixels, and signal wirings extending 
vertically for controlling the voltage levels of the pixels on the 
screen, thereby forming a matrix. 

[0005] The TFT liquid crystal panel is generally manufactured as 
follows: the array substrate provided with TFTs and a counter 
substrate usually provided with a color filter are bonded to each 



4 



other with an appropriate space at the sealing part formed around 
the pixels. Later, liquid crystal is vacuum injected through the 
liquid crystal injection ports formed at the sealing part. 
[0006] In the prior art, the liquid crystal injection ports are formed 
on the circumferential sealing part of the side orthogonal to the 
scanning wirings. This is because forming the injection ports on 
the side with a smaller width can provide a better space efficiency 
within the vacuum chamber used for injection. 
[0007] 

[PROBLEMS THE INVENTION IS GOING TO SOLVE] However, in 
the display panel of the aforementioned prior art liquid crystal 
display device, when injection ports are formed on the 
circumferential sealing part on the side orthogonal to the scanning 
wirings, liquid crystal is injected along the long side of the screen, 
that is, the region where the liquid crystal should be injected. 
Therefore, an increased screen size causes the problem that more 
time is required for injection. 

[0008] In the prior art TN mode, in terms of the viewing angle 
properties, the main viewing angle direction of the panel is 
generally set at the top or the bottom direction, so the director 
direction of the liquid crystal at the central part between the upper 
and the lower substrate is nearly orthogonal to the injection 
direction of the liquid crystal, that is, the flow direction at the time 
of injection. This causes the problem that more time is required 
for injection due to the anisotropic viscous coefficient of the liquid 
crystal. 

[0009] In the IPS mode expected for large-screen displays, a gap not 
larger than 4pm, which is narrower than the prior art TN mode, is 
needed, which extremely increases the time for injection. 
[00 10] At the same time, increased screen size demands longer 
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scanning wirings, which causes a delay of a signal, and blunts the 
signal waveforms. Consequently, the voltages to be written in the 
pixel electrodes fluctuate, causing a difference in brightness 
between the region near the supplying side of the signals and the 
opposite side, which causes a brightness inclination between the 
right and the left of the screen. In addition, the compensation 
voltage for exempting the liquid crystal from a D.C. voltage differs 
within the screen, thereby causing display pattern burn or uneven 
display. 

[00 11] The present invention solves the aforementioned prior art 
problems, and provides a liquid crystal display device which can 
drastically shorten a liquid crystal injection time and improve the 
display grade of images. 
[0012] 

[MEANS TO SOLVE THE PROBLEMS] In order to solve the 
above-described problems, the liquid crystal display device of the 
present invention is characterized in that liquid crystal is injected 
along the short side of the screen, and at the time of injecting liquid 
crystal in the IPS mode panel, the flow direction and the direction 
of the liquid crystal director are almost aligned. 
[0013] It is also characterized in that since scanning signals are 
supplied from both sides, their waveform blunting is suppressed so 
as to improve pattern burn or uneven display which result from 
uneven brightness between the right and the left of the screen or 
DC stress. 

[0014] Thus, the liquid crystal injection time can be drastically 
accelerated, and the display grade of images can be improved 
because the voltage signals are supplied from both sides of the 
scanning wirings. 
[0015] 
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[EMBODIMENTS OF THE INVENTION] The liquid crystal display 
device disclosed in claim 1 of the present invention is a liquid 
crystal display device comprising a pair of substrates at least one 
thereof is transparent; a liquid crystal composition layer having 
dielectric anisotropy and refraction anisotropy which is sandwiched 
between said substrates and aligned; polarizing means; plural 
pixels arranged in the form of matrix; pixel electrodes provided to 
each pixel; signal wiring electrodes; thin film transistor elements 
connected to scanning wiring electrodes, common electrodes; means 
for providing said thin film transistor elements with voltage signal 
waveforms for changing the light transmittance or reflectivity of 
the liquid crystal composition layer corresponding to said pixels; 
and a screen of a rectangular shape, wherein injection ports for 
vacuum injecting a liquid crystal composition between said 
substrates on one of the two sides parallel to the scanning wirings 
of the sealing part enclosing the circumference of the screen of the 
rectangular shape. 

[0016] According to this structure, the liquid crystal is injected 
along the short side of the screen. The liquid crystal display 
device disclosed in claim 2 of the present invention is the liquid 
crystal display device of claim 1 further comprising means for 
generating an electric field nearly parallel to substrate surfaces 
between the pixel electrodes and the common electrodes, wherein 
said liquid crystal composition is aligned without a twist or a 
deformation between said substrate when no electric field is 
applied to the liquid crystal composition, and the aligning direction 
of the liquid crystal director projected on the substrate surfaces is 
set to have an angle of not less than 60 degrees nor more than 90 
degrees with the direction of the scanning wirings. 
[0017] According to this structure, at the time of injecting liquid 
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crystal in the IPS mode panel, the flow direction and the direction 
of the liquid crystal director are nearly aligned. The liquid crystal 
display device disclosed in claim 3 of the present invention is the 
liquid crystal display device of claim 1, wherein the voltage signal 
waveforms to be applied to the scanning wirings are supplied from 
both of the two sides orthogonal to the scanning wirings. 
[0018] According to this structure, since scanning signals are 
supplied from both sides, their waveform blunting is suppressed so 
as to improve pattern burn or uneven display which result from 
uneven brightness between the right and the left of the screen or 
DC stress. In addition, neither one of the scanning wiring leading 
units needs the provision of injection ports. 

[0019] The liquid crystal display devices showing the embodiments 
of the present invention will be described as follows with reference 
to the drawings. 
(Embodiment l) 

A normally white TN-mode TFT liquid crystal panel having a 
14-inch diagonal screen with an aspect ratio of 4-3 was 
manufactured. It has an XGA-compatible 768 by 1024 RGB 
resolution. Figure 1 shows the schematic view of this display 
panel having a seal shape. 

[0020] As shown in Figure 1, the injection ports 2 were formed at 
two points of the sealing part 1 of one of the sides parallel with the 
scanning wiring direction 3. The width of the injection ports 2 is 
15 mm. The rubbing direction of this panel is as shown in Figure 1, 
and the gap between the array substrate and the color filter 
substrate is 4.8iim. In the manufacturing process of this panel, 
the time required for the liquid crystal vacuum injection was about 
two hours, which was after the injection ports were soaked in the 
liquid crystal injection pool until the liquid crystal was completely 
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injected. The viscosity of the liquid crystal used was 23 
centipoises and the refraction anisotropy index An was 0.090. 
(Comparative Example l) As Comparative Example 1 for the 
display panel in the liquid crystal display device of Embodiment 1, 
a display panel was produced as shown in Figure 2 in the same 
manner except that the injection ports 2 were formed on the sealing 
part 1 of the side orthogonal to the scanning wiring direction 3 as 
in the prior art, that is, of the side parallel to the direction 4 of the 
signal wirings 102 shown in Figure 5. As a result, the time 
required for the injection was about four hours. 

[0021] In the display panel of the liquid crystal display device of 
Embodiment 1, the time required for the liquid crystal injection can 
be accelerated. One of the reasons the time required for the liquid 
crystal injection can be accelerated in the present invention is that 
the liquid crystal injecting direction, which used to be along the 
long side (scanning wiring direction 3) of the screen, is along the 
short side direction (signal wiring direction 4). The other reason is 
that the director direction of the liquid crystal molecules existing 
in the central part between the upper and the lower substrate is 
aligned to the flow direction at the liquid crystal injection time. 
[0022] The viscosity of the liquid crystal is anisotropic, and the 
viscosity coefficient differs between when the flow direction is 
aligned to the director direction and when it is orthogonal to the 
director direction. In the former case, it corresponds to viscosity 
coefficient 112 of Miesowicz, and in the latter case, it corresponds 
torts. il3/q2 is usually about 1.4 to 1.9. 

[0023] Therefore, the viscosity is lower when the flow direction is 
aligned to the director direction, and the time required for injection 
can be accelerated. It must be noted that the number, width, and 
shape of the injection ports of the display panel in the liquid crystal 
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display device of Embodiment 1 are one example to carry out the 
present invention, and the configuration of the present invention is 
not limited thereto. 

(Embodiment 2) An IPS mode TFT liquid crystal display panel 
having a 15,2-inch diagonal screen with an aspect ratio of 16:9, and 
768 by 1364 RGB resolution. The array-shaped flat schematic 
view of the pixel unit of this display panel is shown in Figure 5. 
[0024] As shown in Figure 5, in the pixel unit of this display panel, 
pixel electrodes 104 and counter electrodes 103 which are common 
electrodes are formed parallel with signal wirings 102, and thin 
film transistors 105 connected to the signal wirings 102, the pixel 
electrodes 104, and the scanning wirings 101 are driven by the 
signals supplied through the signal wirings 102 and the scanning 
wirings 101. Consequently, an electric field nearly parallel to the 
substrate surfaces is generated between the pixel electrodes 104 
and the counter electrodes 103. 

[0025] In general, in a large-screen liquid crystal display panel, the 
pixels are longer in vertical, so the pixel electrodes 104 and the 
counter electrodes 103 for an ISP mode had better be arranged to be 
extended in the direction of the signal wirings 102 as shown in 
Figure 5 so as to improve the open area ratio. The scanning 
wirings 101 and the signal wirings 102 are both made from 
aluminum. 

[0026] The liquid crystal is aligned without a twist between the 
upper and the lower substrate while no electric field is being 
supplied. As shown in Figure 3 which indicates the schematic 
view of this display panel having a seal shape, the director 
direction 5 forms an angle of 80 degrees with the wiring direction 3 
of the scanning wirings 101. Polarizer plates are so arranged that 
the polarizing axes of the upper and the lower substrate are 
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orthogonal to each other, and that one of the polarizing axes is set 
to be aligned to the director direction 5 of the liquid crystal. 
[0027] As shown in Figure 3, the injection ports 2 were formed at 
two points of the sealing part 1 of one of the sides parallel with the 
scanning wiring direction 3. The injection ports 2 have a width of 
20 mm. The gap between the array substrate and the color filter 
substrate of this panel is 3.2pm. In the manufacturing process of 
this panel, the time required for the liquid crystal vacuum injection 
was about two and half hours, which was after the injection ports 
were soaked in the liquid crystal injection pool until the liquid 
crystal was completely injected. The liquid crystal used was 
nematic liquid crystal having positive dielectric anisotropy (p type), 
and the viscosity and the refraction anisotropy index An thereof 
were 19 centipoises and 0.088, respectively. 

[0028] On the other hand, n-type liquid crystal having negative 
dielectric anisotropy can be used with the IPS mode. However, it 
has the problem of too high a viscosity and of a low response rate, 
so p-type liquid crystal is superior in properties. In addition, in 
the case of the n-type liquid crystal, the director direction 5 of the 
liquid crystal while no electric field is being supplied must be set at 
45 degrees or below with the scanning wiring direction 3. 
Therefore, the use of the n-type liquid crystal is not preferable 
because it leads to an increase in viscosity at the liquid crystal 
injection time, and to a decrease in the effect of shortening the 
injection time of the present invention. 

(Comparative Example 2) As Comparative Example 2 for the 
display panel in the liquid crystal display device of Embodiment 2, 
a display panel was produced as shown in Figure 4 in the same 
manner except that the injection ports 2 were formed on the sealing 
part 1 of the side orthogonal to the scanning wiring direction 3 as 
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in the prior art, that is, of the side parallel to the direction 4 of the 
signal wirings 102 shown in Figure 5. As a result, the time 
required for the injection was about 6 hours and 20 minutes. 
[0029] As shown in the display panel in the liquid crystal display 
device of Embodiment 2, the present invention exhibits great 
effects on the reduction of the liquid crystal injection time even in 
an IPS-mode TFT liquid crystal display panel. In the IPS mode, a 
gap as narrow as 4nm or less is needed in terms of panel 
transmittance and response time, so the effects of the injection 
time reduction by the present invention are extremely useful. 
[0030] In the present invention, the angle formed by the direction 5 
of the liquid crystal director and the direction 3 of the scanning 
wirings 101 is defined in the range of 0 to 90 degrees. In the IPS 
mode, when p-type liquid crystal is used, in terms of driving 
voltage and injection rate, the angle formed by the direction 5 of 
the liquid crystal director and the direction 3 of the scanning 
wirings 101 is preferably 60 degrees or larger. 

(Embodiment 3) In the IPS-mode TFT liquid crystal display panel 
produced as the liquid crystal display device of Embodiment 2, 
driving ICs were mounted on both sides of the scanning wiring 
leading units so as to manufacture a liquid crystal display device in 
which voltage signals are supplied to the scanning wirings from 
both sides. 

(Comparative Example 3) As Comparative Example 3 for the 
display panel in the liquid crystal display device of Embodiment 3, 
in the liquid crystal display panel produced in Comparative 
Example 2 for the display panel in the liquid crystal display device 
of Embodiment 2, a driving IC was mounted on the left side only so 
as to manufacture a liquid crystal display device in which voltage 
signals are supplied to the scanning wirings from one side. 
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[0031] In either case, the supply of voltage signals to the signal 
wirings was conducted only from the side on which no injection port 
was formed. The scanning voltage waveforms and the signal 
voltage waveforms are as shown in Patent Publication No. 
8-272663. 

[0032] When signals were supplied to the scanning wirings from 
one side, the difference in the optimal DC compensation voltage 
was 0.7 V between the left corner and the right corner of the screen. 
As shown in the display panel of the liquid crystal display device of 
Embodiment 3, when power is supplied from both sides of the 
scanning wiring leading units, the optimal compensation voltage 
was almost uniformed with little difference on the screen. When a 
fixed pattern was displayed for three hours and then the entire 
screen was changed to a halftone display, display burn was 
observed in Comparative Example 3, but was not in Embodiment 3. 
[0033] 

[EFFECTS OF THE PRESENT INVENTION] Thus, according to the 
invention of claim 1, liquid crystal can be injected along the short 
side of the screen. 

[0034] Consequently, the time required for the injection operation 
in the liquid crystal injecting process can be accelerated. 
According to the invention of claim 2, at the time of injecting liquid 
crystal in an IPS mode panel, the flow direction can be nearly 
aligned to the direction of the liquid crystal director. 
[0035] Consequently, the time required for the injection operation 
in the liquid crystal injecting process can be accelerated. 
According to the invention of claim 3, since scanning signals are 
supplied from both sides, their waveform blunting is suppressed so 
as to improve pattern burn or uneven display which result from 
uneven brightness between the right and the left of the screen or 
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DC stress. In addition, neither one of the scanning wiring leading 
units needs the provision of injection ports. 

[0036] As a result, it becomes possible to prevent the wiring leading 
units from disturbing the liquid crystal injecting operation, to 
prevent the substrates from being broken or cut during the 
injecting operation, and also to suppress contamination of the 
mounted regions. 

[0037] Thus, the liquid crystal injecting time can be greatly 
accelerated, which is particularly effective in an IPS mode 
demanding a narrow gap. This can be combined with supplying 
the voltage signals to the scanning wirings from both sides of the 
scanning wirings, so as to improve the display grade of images. 
[BRIEF DESCRIPTION OF DRAWINGS] 

[Figure l] A flat schematic view of the display panel in the liquid 

crystal display device of Embodiment 1 of the present invention. 

[Figure 2] Aflat schematic view of the display panel of Comparative 

Example 1 for Embodiment 1 of the present invention. 

[Figure 3] A flat schematic view of the display panel of the liquid 

crystal display device of Embodiment 2 of the present invention. 

[Figure 4] Aflat schematic view of the display panel of Comparative 

Example 2 for Embodiment 2 of the present invention. 

[Figure 5l A schematic view of the panel pixel units of the liquid 

crystal display devices of Embodiments 2 and 3 of the present 

invention. 

[Explanation of Symbols! 

1 seal 

2 injection ports 

3 scanning wiring direction 

4 signal wiring direction 
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5 director direction 

10 1 scanning wirings 

102 signal wirings 

103 common electrode 

104 pixel electrodes 

105 thin film transistors (TFTs) 

Figure 1 

1 seal 

2 injection ports 

3 --- scanning wiring direction 

4 --- signal wiring direction 

^ tf > I&I upper substrate rubbing direction 
y^^k^ ^ > ^^Ji^ lower substrate rubbing direction 

Figure 2 

_h^^R ^ \i> upper substrate rubbing direction 

T^tS ^ tr > IrI "■■ lower substrate rubbing direction 

Figure 5 

S^^fi storage capacity 
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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To make it possible to 
drastically shorten a liquid crystal injection time and 
to improve the display grade of images by forming 
injection ports for vacuum injection of a liquid crystal 
compsn. between substrates on one side of two sides 
parallel with the scanning wirings of a sealing part 
enclosing the circumference of a screen having a 
rectangular shape. 

SOLUTION: The injection ports 2 for vacuum injection of 
the liquid crystal compsn. between the substrates are 
formed at two points on the one side of the two sides 
parallel with the scanning wiring direction 3 of the 
sealing 1 part enclosing the circumference of the screen 
having the rectangular shape. While the liquid crystal 
injection direction is heretofore in alignment to the 
long side direction (scanning wiring direction 3) of the 
screen, this direction is aligned to the short side 
direction (signal wiring direction 4) by adopting such 
constitution. In addition, the director direction of the 
liquid crystal molecules existing in the centra! part 
between the upper and lower substrate is aligned to the 
flow direction at the time of the liquid crystal 
injection, by which the viscosity is lowered. As a 
result, the time for the liquid crystal injection is 



shortened and this constitution is effective at the time 
of an IPS(in-plane switching) mode. 
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